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SALEM EARTH SCIENCE FIELD TRIP 
ITINERARY 
0.0 0.0 Assemble at Salem Community High School, Rt. 37, north edge of town. 
0.0 0.0 Turn left entering Rt. 37, entering the city of Salem. 
0.7 0.7 STOP. Turn right on Highway 50, west. 
0.9 1.6 Note the large number of oil well supply houses on the right and left. 
These have been the suppliers of the oil field equipment in the Salem 
area for the past 20 years. 
0.9 2.5 Note the inoperative oil refinery at the north edge of Salem Pool in the 
field perhaps t mile to the left. 
0. 9 3. 4 SLOW. 
0.1 3.5 CAUTION, turn left towards Summerville. 
0.1 3.6 CAUTION, Baltimore and Ohio Railroad tracks. 
0.1 3.7 Note the extreme flatness of the upland surface here in the immediate 
area. This is the Illinoian till plain. It has been exposed to 
weathering for a long period of time. Lying directly ahead one sees the 
derricks of many oil wells in the Salem Pool. 
1.1 4.8 CAUTION. Railroad crossing. 
0.4 5.2 STOP 1, Salem Oil Field. 
Illinois experienced its first oil boom shortly after the turn of the 
20th Century, and became one of the nation's leading producers at that 
time, but by 1930 it had dropped far down in the list of the producers 
in the nation. With the beginning of the new thought with regard to 
stratigraphic study and structural geology and with the success that had 
been experienced in the Michigan Basin, the oil geologists reasoned that 
we should be able to find oil in the Illinois Basin also. Thus, on 
July 6, 1938, the Texas Company's number 1 Tate produced from the 
''Benoist" "Bethel sandstone .. of Mississippian age at a depth of 1,692 
feet. By the end of 1938, 480 wells had been drilled and had produced 
2,095,000 barrels of oil. With the further development of the field, 
more than 2800 wells were drilled in the Salem field and since 1938 
more than 265,000,000 barrels of oil had been produced from the field 
alone. With the development of the secondary recovery methods, the 
water flooding operations began in the Salem field in 1950. Since that 
time, more than 30,000,000 barrels of oil have been produced by this 
technique. 
Oil accumulated in the Salem field in a dome or doubly plunging 
anticline. (See the attached sheet at the end of the road log.) Oil 
has accumulated in numerous formations and the Bethel is the most 
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shallow producing zone. other producing zones include the Renault, the 
O'Hara, Rosiclare, St. Louis, Salem, Devonian, and Trenton. 
Because of the fact that oil is produced from several depths and 
several formations it is not at all unusual that several wells will 
produce from fundamentally the same location. These producing zones 
range in depth from 1700 feet to more than 4600 feet. 
At the time of the drilling of the Salem field a lane had been over-
looked from the standpoint of lease, and with the leasing and drilling 
of this lane the oil operators holding ground on either side of the lane 
were forced to drill numerous wells which would otherwise not have been 
required. 
With the development of the secondary recovery program, the pool has 
been unitized to a large extent and many of the wells are no longer 
needed in order to efficiently remove the oil. In the secondary 
recovery technique oil is forced into the formation to displace the oil 
from the pores of the rock. 
In order to put this secondary recovery program into operation, a 
pipeline was laid to the Kaskaskia River bottom where the water for 
this operation is obtained. 
0.1 5.3 STOP• Reenter highway with caution. Follow paved highway south. 
0.7 6.0 Young's School. The Young family at one time had more than 100 oil 
wells producing on their property. 
0.2 6.2 Outcrop of Pennsylvanian siltstone and shales indicating a strong dip to 
the east. This is a portion of the Salem Dome. 
0.3 6.5 The refinery on the left is the High Octane Gasoline Plant which has 
been operative since the early 40's. As recently as 1942 the tiny flare 
seen on the left was more than 100 feet high. 
2.4 8.9 We have now gone beyond the western limits of the Salem Oil Field. 
Evidently during the time of the deposition of the No. 6 Coal bed, the 
Salem structure was high topographically and the No. 6 Coal was quite 
thin or absent in this section of the country, yet only a few miles to 
the west, in the vicinity of Centralia, Central City, Junction and 
Glen Ridge, coal mines operated for nearly 100 years. In fact there is 
one mine still operating in the Centralia area, the Glen Ridge Mine. 
Coal mines were also present in the vicinity of Sandoval and Odin. The 
mines in the Centralia-Sandoval area were on the west flank of the 
Duquoin Monocline. The Salem field is on the western side of the 
Illinois Basin just east of the Duquoin Monocline. With the building of 
the railroads in Illinois and with the fact that many of the coal beds 
were comparatively close to the surface, oftentimes blind faith was 
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exercised in sinking of coal mines. In fact, test drilling was not 
carried out in many instances until difficulties were encountered in the 
mining operations. To this end, a mine was sunk in the vicinity of 
3alem many years ago and a coal bed less than 4 feet in thickness was 
encountered, whereas the coal in the vicinity of Centralia, Sandoval, 
and Odin ran nea~7 feet in thickness. 
1.1 10.0 SLOV, turn right (north) on black top road. 
0.8 10.8 Note the alluviated valley on the right and left. 
0.8 11.6 CAUTION, unprotected railroad crossing. 
0.5 12.1 STOP 2. Discussion of Glaciation and the Illinoian Till Plain 
During the episode of geological history beginning perhaps 1 million 
years ago and ending about 6 thousand years ago, this series of glacial 
advances is called the Pleistocene epoch. Various portions of Illinois 
were over-run by four continental galciers. The first stage is called 
the Nebraskan, and only invaded the area west of the Illinois River. 
The second and third glacial stages, called the Kansan and Illinoian, 
respectively, were much more extensive. The Illinoian in its furthest 
advance reached as far south as Carbondale and Harrisburg. The fourth 
and last glacial stage, called the Wisconsinan, advanced only as far 
south as Mattoon and Shelbyville. 
It is the Illinoian glacial stage and the effects that it had on 
the landscape that we are concerned with today. Here and there the 
remains of moraines or glacial r .idges are to be found on this Mount 
Vernon Hill Country and the southern portion of the Springfield Plain. 
This Illinoian Till Plain is characterized by a very flat topographic 
surface, with small valleys which dissect the flat upland surface. 
This is called a till plain. The till plain is made up of, or underlain 
by, unsorted clay, sand, pebbles, which were lain down by the ice as 
the glacier retreated. 
East of Salem and trending in a northeast-southwest direction is .a 
low ridge rising from 30 to 60 feet above the flat plain, and is 
thought to be a morainal ridge which formed in the retreat of the 
Illinoian glacier. The moraines are the result of a halt in the retreat 
of the ice sheet, when the rate of advance is balanced by the melting 
of the ice front. 
On the Wisconsinan till plain there are more than thirty morainal ridges 
within the Shelbyville, which marked the furthest advance of the 
Wisconsinan. On the Illinoian till plain the moraines are not as 
obvious as within the Wisconsinan, for they have been exposed much 
longer to erosion. 
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Stream erosion since the Illinoian ice sheet retreated has cut 
deeply into the till plain. On your way, you can see that the streams 
are slowly eroding headward to eventually destroy the flat till platn 
such as· we have here. 
Drainage is a problem on the Illinoian till plain throughout much 
of southern Illinois. The poor drainage is reflected in the soil 
profiles of some areas by a plastic subsoil zone which pedologists 
account for by illuviation and farmers call a "hardpan." Illuviation 
is a process by which clays are transported downward and concentrated 
in a zone, usually in the B horizon. "Hardpans'' retard the downward 
percolation of water and penetration of roots. It is also harmful, 
because it retards the upward movement of water to plants during dry 
spells. 
2.0 14.1 ·Entering the Village of Odin. 
0.3 14.4 STOP ~ - Abandoned Coal Mine at Odin. 
We realize that there is nothing to be shown here as evidence of the 
fact that a coal mine has been in existence i n this particular section 
of the country. However, for nearly 50 years a mine was in operation 
in the vicinity of the town of Odin as well as there having been coal 
mines in the vicinity of Sandoval, Glenridge, Central City, and Cen-
tralia. Of course, you remember the mine explosion at the south edge 
of Centralia which happened in the spring of 1947. This explosion 
took place in the No. 6 bed which has been extensively mined in this 
section of the country. The mines in the belt from Sandoval to Cen-
tralia are on the west flank or the gentle fold of the Duquoin Mono-
cline. However, the mine at Odin was downdip and is definitely in 
the Illinois Basin. In this mine, the thickness of the coal ranged 
from 4 on the east side to 7 feet on the west side of the mine. The 
mining conditions here were quite good. Great reserves of mineable 
coal in excess of 4 feet in thickness are to be found in the region 
in the vicinity of Centralia and Odin. Many years ago a mine was 
sunk to a depth of more than 800 feet at the town of Salem, in town, 
where they encountered a coal of less than 4 feet in thickness. The 
mine only operated a comparatively short while, thus there are great 
reserves of mineable coal in this immediate area. Before anyone, 
however, would enter into a mining venture, it would be well to care-
fully drill the area to determine the nature of the roof, the thickness 
of t he coal and the nature of the bottom. This particular area is 
fortuitously situated in that the Illinois Central Railroad, the 
Baltimore and Ohio passes through this section of the country, as does 
the Missouri-Illinois Railroad and the Chicago and Eastern Illinois, 
giving access to sizable markets. 
0.1 14.5 CAUfiON. Baltimore and Ohio Railroad. 
0.1 14.6 CAUfiON. Several sets of tracks of the Illinois Central Railroad. 
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0.2 14.8 Turn right, north. 
0.3 15.1 STOP. Turn right (east) on Highway 50. 
0.2 15.3 The site of the Odin mine is the present site of a sawmill. You can see 
the concrete work of the air shaft. 
1.1 16.4 Not the extreme flatness of the Illinoian till plain. 
4.6 21.0 STOP. Intersection of Route 50 and 37. Turn Left North on Route 37. 
0.6 21.6 Turn left, entering Salem City Park. 
0.1 21.7 Turn left, follow the roadway. 
0.0 21.7 STOP 4 Lunch. The Pavillion may be used in case of rain. 
0.3 23.0 STOP. Reenter Route 37. (iouth) 
0.6 23.6 STOP. Turn left on Route 50 (east). 
0.5 24.1 CAUTION, Chicago and Eastern Railroad Tracks. 
0.9 25.0 We are traveling over a dissected till plain. The road is crossing the 
points of land between the small streamswhieh are entering a larger 
stream only a short distance south. 
2.0 27.0 Note the extreme flatness of the upland surface. This is the typical 
flat Illinoian till plain. 
1.8 28.8 Notice the sandstone outcrop on the left. The bedrock in this immediate 
area is a medium to coarse-grained micaceous sandstone. 
0.9 29.7 Sandstone outcrop on the left. 
1.9 31.6 We are ascending a morainal ridge- one of several that are found on the 
Illinoian till plain. 
0.6 32.2 SL~J. Turn left on black top road. We are again on the morainal ridge 
on the Illinoian till plain. 
1.9 34.1 Note the blue stem prairie grass on the north side of the valley. Note 
that the glacial till on the right is quite gravelly. 
0.7 34.8 STOP 5. Outcrop of Pennsylvanian sandstone. 
We will walk 500 feet west to the east bank of B Branch Creek where 
the Pennsylvanian sandstone outcrops. About 10 feet of sandstone and 
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associated silty shale is exposed. Note the gravelly nature of the till 
dug out of the post holes on top of the outcrop. 
The outcrop here is a sandstone of Pennsylvanian age. The form-
ations in the Pennsylvanian system occur in sequences or cycles, called 
cyclothems. Each cyclothem seems to record a recession and a readvance 
of the seas in which most or all of the deposits were made. The ac-
companying diagram shows the succession of beds in an ideal cyclothem. 
Rarely are all of these beds found in a single cyclothem; usually one 
or more member is missing. More than fifty cyclothems have been iden-
tified in Illinois. 
The different strata indicates that there were many rapid changes in 
environment during the Pennsylvanian period. It is difficult to imagine 
the conditions that must have existed so long ago, for at times there 
was luxuriant vegetation as is recorded in the many thick and thin coal 
beds. Just imagine a swamp of at least 80 thousand square miles in 
extent. Some coals cover roughly that great an area. Then at other 
times it is evident that there were shallow seas with a wide variety 
of marine life as is recorded in the limestones and shales. 
Pennsylvanian sediments are unlike older sediments in that they 
consist of many different and highly variable rock types, the out-
standing type being coal, which occurs in cycles. An ideally complete 
cycle with its various units is shown near the back of the itinerary. 
This type of rhythmic succession of different kinds of strata is re-
peated in much the same sequence some 50 times where the Pennsylvanian 
rocks are thickest. Each rhythmic succession is called a cyclothem. 
The Shoal Creek limestone belongs in the Shoal Creek Cyclothem and 
corresponds to unit 9 in the ideally complete cyclothem at the back 
of the itinerary. 
The many different ro-ck types in the Pennsylvanian system indicate 
many rapid changes of environment which took place repeatedly. At 
that time, rivers were bringing sediments from the north and east, 
possibly as far away as the present Atlantic coast and the region south 
of Hudson Bay. The Midwest was a low,flat,swampy area lying just a 
little above sea level but subject to frequent marine invasions as the 
land rose or sank, or the sea level raised or lowered. That these 
conditions existed is evident from the nature of the sediments. Many 
of the shales, limestones, and ironstones above the coals contain marine 
fossils. The coals are believed to have formed in broad fresh-water 
marshes somewhat like the Dismal Swamp of Virginia. Most of the sand-
stones, conglomerates, underclays, underclay limestones, and some 
shales probably accumulated in fresh-water environments such as river 
valleys, lagoons, lakes, or lowland plains. There is no area in the 
world today that has conditions like those that existed during "Coal 
Measures" time. 
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The plants and trees that grew in ''Coal Measures" time were very 
luxuriant. In the jungle-like growths the plants most common were huge 
tree ferns that had fronds five or six feet long and grew to a height 
of more than 50 feet. Along with them were seed ferns, now extinct, 
giant scouring rushes, and large scale trees, which grew to heights of 
100 feet or more. 
The large scale trees we find preserved in the coals do not have 
growth rings. The luxuriant growth and lack of growth rings probably 
indicate · that the climate that prevailed at this time was warm and 
without seasonal change. As the plants fell into the swampy waters 
they were partially preserved, buried by later sediments and converted 
into coal. 
2.1 36.9 STOP 6. Soil profile developed in loess and Illinoian till. 
We can never overemphasize the importance of the rich soils in 
the United States, particularly in the Midwest. Soils vary greatly 
in richness and character from place to place. Yet, in mature soils 
we can recognize zones that are common to all. The zonal effect comes 
about because the four major weathering processes progress at differ-
ent rates, although all of them depend on the downward movement of 
groundwater. The processes, listed according to their rate of pro-
gress and beginning with the most rapid, are (1) oxidation; (2) leach-
ing of carbonates; (3) decomposition of more resistant minerals; and 
(4) accumulation of humus. 
In the A zone, in which humus material from de·caying plants has 
accumulated, we find the rock minerals oxidized, leached, and decom-
posed. In the upper part of the B zone, the rock minerals are only 
oxidized (shown by reddish or yellowish color caused by oxidation of 
iron minerals). The leached zone is determined by absence of carbon-
ate rocks, such as limestone, and is revealed by tests with a solution 
of hydrochloric acid. 
The section here is as follows: 
Zone A1 Gray, organic rich, weathered loess 
A2 Brownish, weathered loess 
B1 Crumbly bluff loess, weathered 
Chocolate brown loess, weathered 
B2 Weathered till, zone of secondary 
enrichment of manganese granules below 
the view in the exposure. 
fu.i lD~b~~ 
7 
5 
3-4 
7 
18 
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0.2 37.1 Limestone in the bed of the stream on the right. 
0.7 37.8 Intersection at the Hamlet of Omega. Turn left, west. 
0.5 38.3 Note the overall flatness of the till plain. This is an excellent view. 
1.1 39.4 Turn left, south. 
0.5 39,9 STOP 7. Let me particularly caution you to enter this property only 
t~ough the gate. You will enter on the east side of the road, going 
about 300 feet east of the road to collect fossils from the Lower Omega 
zone, You will find a nice collecting zone for pelecypods (clams) and 
gastropods (snails). This is one of the best collecting spots in 
Illinois. Discussion of the Pennsylvanian sedimentation will take 
place here. 
The rock exposed here is a limestone underlying the Omega and is 
here quite fossiliferous. 
You will see in the creek bank above the red ferruginous limestone 
float blocks of light colored limestone which is the Omega. The Omega 
limestone takes its name from the villate of Omega. The limestone is 
typically exposed near the village. Cyclothems and formations are given 
geographic names, preferably the name of a nearby town or natural 
feature shown on a published map. 
These rocks are among the youngest of the Pennsylvanian ("Coal 
Measures") rocks in Illinois and in places are underlain by over 
2,000 feet of. sediments of the same period. 
Evidence from the rocks indicates that most of Illinois was a low 
lying area during the Pennsylvanian (about 250 million years ago). It 
probably was not far above sea level and was frequently and regularly 
subjected to inundation. Each time the sea withdrew, surrounding up-
lands contributed first coarse (sand) and then fine sediments (silt 
and mud) which were deposited by streams on the newly emergent land or 
along the margins of the retreating sea. As the relative level of the 
sea again rose, vast areas became low swamps, in which grew a lush 
tropical jungle of tree, ferns, giant rushes, ancient relatives of the 
conifers (cordaites) and many others. As the sea advanced farther, 
a marine shale was deposited over the great accumulations of carbon-
aceous matter which had formed in the swamps. As the water became 
deeper and clearer, marine invertebrates moved in and their limy 
shells, plus precipitated calcium carbonate, formed lime deposits 
which became interbedded with occasional influxes of mud from the land. 
Similar cycles, with variations, were repeated again and again. As 
the sediments became buried, they were consolidated by pressure into 
shales, sandstones, limestones, and coals. Such cyclical deposits are 
called "cyclothems. •• It is seldom that a complete "cyclothem" is 
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present at any one exposure. (See attached ••rdeally complete cyclothem.") 
This outcrop represents a part of one of these cyclothems. 
The marine fossils here are mostly gastropods (snails) and brachio-
pods (a type of bivalved mollusk and great quantities of pelecypods. 
Follow the blacktop road to Route 37, turn left and go to the town 
of Salem and intersect Route 50, or by goind to the right you may reach 
the town of Effingham and Route 40, 
Hope you have had a good day.. Cheerio! See you April 23 at Quincy, 
at Quincy College for the Illinois Academy of Science Field Trip, or 
May 7th at Grafton. 
PART II·. GEOLCXliCAL HISTORY OF SALEM AREA 
BEDROCK FCRMATIONS 
The bedrock, which is exposed in the Salem Area where streams have 
cut through the cover of glacial drift, belongs to the Pennsylvanian or 
Coal Age. Deep oil wells and tests have penetrated to still older rocks 
of Mississippian,Devonian, Silurian and Ordovic~ages. Illinois deeper 
wells pass through additional hundreds of feet of sandstone, shale, and 
limestone, longing to the Cambrian period (see appended geologic column), 
and some reach the Pre-Cambrian basement beneath. This .. basement" is 
made up of very old, hard crystalline rocks such as granite, gabbro, basalt, 
gneiss, and schist. These rocks come to the surface in the far north 
around Lake Superior and in Canada. Fragments of these rocks from the far 
north have been brought to the Olney area by the glaciers of the Ice Age. 
EARLY GEOLOGIC HISTORY 
The rocks of the "basement" formed back in Pre-cambrian Time, were 
folded to mountain ranges and then beveled by erosion to a low plain over 
500,000,000 years ago. Between that time and the beginning of the Coal 
Period, an interval of some 250,000,000 years, the region was covered 
much of the time by shallow seas that inundated a large part of the con-
tinent. At intervals the seas withdrew and the region became, from time 
to time, a low coastal plain. 
PENNSYLVANIAN HISTORY 
With the beginning of Pennsylvanian Time, some 250,000,000 years 
ago, conditions changed, as high mountains, which may be compared to the 
Andes, began to rise along the Atlantic Coast. To the westward, in 
Illinois and elsewhere, was a low,hot swampy plain, somewhat resembling 
the present Amazon Basin, and across which the rivers from the eastern 
mountains wandered toward the sea which lay off in Nebraska, Kansas, and 
Oklahoma. As the lowland sank, the sea from time to time extended east-
ward to deposit marine limestone or fossiliferous shale. At other times, 
vast jungle swamps existed in which the luxuriant vegetation accumulated 
as half-rotten, peat-like masses. But most of the time, the lowland was 
occupied by rivers, shallow lakes, and bayous in which the mud and sand 
washed out from the mountains was deposited. In time, thousands of feet 
of sediments piled up, and the pressure of this great weight of mud and 
sand helped to compress the peat to coal. 
THE LOST IN!'EP.VAL . 
Following Pennsylvanian Time, the land rose to a moderate elevation 
above the sea and was never again covered by marine waters. Under these 
conditons, e:rosion slowly cut down the land and removed a part of the 
Pennsylvanian deposits. The material was carried away by the streams to 
be deposited far away. Thus w~ must depend on the rock record of other 
areas to tell us of the life and times of the Post Pennsylvanian - pre 
Pleistocene interval. 
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ICE AGE HISTORY 
The Pleistocene epoch began about 1,000,000 years ago when glaciers 
began moving down across the United States from the far north. There was 
not just one glacial stage, but four, each separated by a long interval 
of from 100,000 to 300,000 years during which mild climate prevailed, 
vegetation flourished, and the animals that had retreated before the 
advancing ice, returned. The Nebraskan, or first glacial advance, pro-
bably did not reach the Olney Area. The second, or Kansan, is believed 
to have reached to the vicinity of Olney, but evidence is largely con-
cealed under later glacial drift. The Illinoian glaciation. from its 
center of accumulation east of Hudson Bay moved across nearly all of 
Illinois to the Ohio and Mississippi Rivers, covering all of this area. 
The last or Wisconsin ice sheet, which covered most of the northeast 
quarter of the state, did not reach the Olney Area. The only Wisconsin 
deposits in this part of Illinois are loess, (a wind blown dust), and rock 
debris laid down in some of the major valleys by meltwaters. 
It is estimated that less than 6,000 years have elapsed since the 
Wisconsin glacier melted away from the upper end of Lake Michigan. Are 
we still living in the Ice Age? The ice may return again in one or two 
or three hundred thousand years. Most of us prefer to worry about more 
immediate dangers. 
RECENT GEOLOOIC HISTCRY 
As the Wisconsin ice slowly melted back, the cold dry climate of 
this region became warmer and more humid. Vegetation, which had been 
scarce, advanced northward, the forests following the valleys and the 
prairies occupying the uplands. Even where man has cleared or tilled 
the land, analysis of the soil shows us what areas the old forests and 
prairies occupied. 
The increasingly humid climate has caused the streams to cut down 
into the fill which accumulated in their valleys during Wisconsin time. 
This process is continuing at present aided by increased run-off due to 
deforestation and cultivation. 
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Quaternary 
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EPOCHS 
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Miocene 
Oligocene 
Eocene 
Paleocene 
REMARKS 
Exposed in Salem area: 
Recent post-glacial stage 
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Triassic 
Permian 
Pennsylvanian 
McLeansboro 
Not present in Illinois 
Not present in Illinois 
Sandstone, limestone, shale, 
t"t"\~1 
Kewanee Sandstone, limestone, shale, 
~------------'- coal mined in the area. 
McCormick 
:8 § :8.-t 
PIP.. 
~.-t~--------------~----------~-----------------------~ Chester (Upper Sandstones, limestones, and 
~ ~ Mississippian) shales in deep wells ; 
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~ § Iovra (Lower Limestone, shale and sandstone 
u ~ Mississippian Mississippian) in deep wells. Several oil 
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(1) ~ ~ 
.-t <U <U m Devonian in deep wells, with oil 
~"'j •.-1 tU) ·r-1 ~ u ~ ~ production. 
~~~------------~----------~-------------------
Silurian No data available. 
tO 
(1) ~r-----------------~~--------------~------------------------------
w Oil Production in Trenton 
G-1 H 
o ~ Ordovician formation in Salem pool and 
?{o t adjacent areas. 
~ ~ 
-~~---------------·--- --·--------------- --~--------------------------------H Cambrian No data available 
Proterozoic 
Referred to as "Pre-Cambrian" Time. No data available. 
Archeozoic 
Shale, gray, sandy at top ; contains marine fossils and ironstone 
concretions especially in lower part. 
Limestone; contains marine fossils. 
Shale, black, hard, laminated; contains large spheroidal concre-
tions (' ' Nigger heads'') and marine fossils. 
Limestone; contains marine fossils. 
Shale, gray; pyritic nodules and ironstone concretions common at 
base; plant fossils locally common at base; marine fossils rare. 
Coal; locally contains clay or shale partings. 
Underclay, mostly medium to light gray except dark gray at top; 
upper part noncalcareous, lower part calcareous. 
Limestone, argillaceous; occurs in nodules or discontinuous beds; 
usually nonfossiliferous. 
Shale, gray, sandy. 
Sandstone, fine-grained, micaceous, and siltstone, argillaceous; 
variable from massive to thin-bedded; usually with an uneven 
lower surface. 
AN IDEALLY COMPLETE CYCLOTHEM 
(Reprinted from F'ig. 42, Bulletin No. 66, Geology and Mineral Resources of the Marseilles, 
Ottawa, and Streator Quadrangles, by H. B. Willman and J. Norman Payne) 
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